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soufihi being then developable by an antibody action 

PROBE CONTAINING A MODIFIED NUCLEIC effective wilh respect to N-2-(guanosine'B-yl>- 
ACID RECOGNIZABLE BY SPECIFIC artiylaminofluorene or previously prepared wirt re* 

ANTIBODIES AND USE OF TrflS PROBE TO sped to the probe bearing aceryiaminofluorenfi residues 
DETECT AND CHARACTERIZE A 5 (called below DNA-AAF). 

HOMOLOGOUS DNA SEQUENCE It goes without saying that the method claimed 

within the scope of the present application extends to 
This application is a continuation of application Sen the use of any other chemical group fixable to a DNA 
No. 245,952, filed Sep. 15, 1986 now abandoned* which under the conditions described by Murcia et ooll. 
is a continuation of Ser. No, 06/525.269, filed Aug. 23, 10 Naturally, it is self-evident that the DNA-AAF used 
19S3, now abandoned. « a probe is placed in the presence of the DNA to be 

The invention relates to a probe containing a modi- Studied under conditions enabling the re-pairing of com- 
fied nucleic acid recognisable by specific antibodies and pJementary sequences, which involves narurally pnor 
to the nse of ihts probe to detect and characterise a denaturisation under well-known conditions of DNA s 
homologous DNA sequence in a specimen which can 15 which can be mutually hybrided. 
contain iL More particularly the invention relates lo a After hybridization, the DNA-AAF not hyonrnzed 
probe chemically modified so thai h can, after hybridi- specifically is preferably removed by nnsmg before 
aation with the homologous DNA sequence sought, be proceeding with the detection of the hybnds formed, 
detected by antibodies specific wilh respect to the probe particularly by placing them m the presence of anti- 
itself. 20 DNA-AAF antibodies, which can then be fixed to the 

It is kno^h that DNA's can react under suitable con- probe modified and hybridized at the same time with 
dirfons with carcinogenic substances, such as N- the DNA sequence sought, when the latter was present 
acetOity-N^aeetylammofluorene, to form a product in the composition used- ^ 
which can be recognised by antibodies formed, on the After rinsing of the excess antibodies still present, the 
one hand, against N-2 (guanosinc-8-yl)-acety3araino* 25 fixed antibodies may be, either precipitated or devel- 
fluorenc and, on the other hand, against the same oped- ... P . 

DNA'S modified b y N^aoeioxy-N-2-acelylaminanuo- Preferably, development is done by means of an anti- 
nnc. These techniques have particularly been described DNA-AAF antibody, advantageously marked by an 
in an article of Gilbert de Murcia and collaborators enzyme of which it is then possible to detect or deter- 
cntiiled ^Visualisation by electronic microscopy of 30 mine the activity with respect to a specific substrate, 
fixation sites or N-acetoxy-N^-acetylaminofluorene on Advantageously, those enzymes will be used which are 
a DNA of CoIE 1 by means of specific antibodies" capable of inducing a color reaction at the level of the 
(Proc. Nail. Acad. Sci USA. volume 7«, No. 12, 6 076-6 corresponding substrates. • 
OfiO Dec. 1979)/' Development by means of enzyracsr giving color ro- 

under the conditions described by these authors it is 35 action is very rapid. u . 

possible to modify from 0.07 to 0,15% of the bases of The method is very sensitive, especially ; * amplifying 
the DNA treated with N-actf oxy-N-2-ecetylaininOfluo- systems (beads, trees or balls of antibodies associated 
rene, the fixation points of the latter chemical substance with the enzymes), are used, so that it enables the local- 
on the DNA being then locaiable by electronic micros- ization of the genes after hybridization ro situ on chro- 
oopy, after prior reaction Of the DNA so modified with 40 mosomes, for example m the case of pre-natal diagnosis., 
the antibodies of the above-indicated type previously The method can be quantitative, by measurement of 
formed in the rabbit, then with anu'-unmunogobulins of the intensity of the color, 
Xts marked with ferritins The techmqUe described Additional character^ 

consequently enables healthy native DNA's to be distm- pear also in the course of the description which follows 
goished from DNA's which have been subjected to the 45 of a typical example of employing the method accord- 
mction of carcinogenic substances. ing to the invention. 

X invention is based on a discovery that the modifi- Use is made of the following materials and methods: 
cation of a DNA sequence by N-acetoxy-N-2- The DNA's 

acetvlaminc-ftuorcne would not alter, after prior dena- ... _r . A— 

"rrion of .his modified DNA, its capacity to be hy- * DN (A <^*R»£w 1*5213^135 
bridized With & complementary DNA sequence not jter ribworaegew of 6.6 leb insetted M the EcoRl 

bearnre mch modification groups, when these sequcn- site (clone PWE 6) 

c^p^d ucicr condition, 'enabling weft hybrid*- sep**e DNA of phage X 57 *s negative control, 
don. The invention takes advantage of this discovery to DJJA TrMIed g^j, AAF (DNA-AAF) 

S^inv^tion fa ch«.cter- 76. No. 12 p. 6076-6080 l^TOe-nfcjr, * modified 
feed in that there is placed in contact with the compOsi- to gn^incs was estrmated .£ 2ft of the , number oTp^ of 
lion presumed to contain a wequence or a certain nu- bases by measurement of the optical density al 305 nm 
oleic acid fragment, a probe containing a com piemen- and 260 nrn. 
tary nucleic aeld which can be hybridized with the Antibodies 
nucleic acid sequence or the gene sought, the probe , . 

SrpoTe particularly characterised in that it bears at 65 DNA-AAF serum obtaaed by munomzation of a 
least one N-2-acetylaminofluorcnt group fixed cova- rabbit 

ErTtly^Tat "eawone of the b*e* of thisprobe, the possi- Ami-Guo-AAF nbbit antibodies purified on an affin- 
He presence of the nucleic acid sequence or of the gene ity column 
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rabbi i anti-lgG goat antibody linked co peroxydase. 
The antibodies were obtained under the conditions 
described in the above-mentioned article. 

Detection Test of DNA-AAF $ 

Variable amounts of DNA-AAF were deposited on 
nitrocellulose filters (Schleicher and Sehtill, iype BA 
85) of 5 mm diameter- 

The DNA had previously been diluted in a 2xSSC 
solution and denaturated at 100* C M for 5 minutes, 10 

AAer deposition, the membranes were placed in the 
oven al 80* C. for 2 hours. 

The membranes were then treated with a 3% bovine 
albumin solution (SIGMA ref. A. 78B8), 1, SSC, at 40* 
C. for one hour, then incubated 30 minutes at arabiam 15 
temperature m the same solution in the presence of 
anti-DNA-AAF antibodies or anri-Guo-AAF of rabbit 
at a final 2 nfi mi- 
After incubation, the membranes were washed seven 
times with PBS, at ambianl temperature then left to 
incubate 30 minutes in a 1% bovine alumbin solution, \ 
SSC containing rabbit IgG goat antibodies linked to 
peroxydase at 2 jig/ml final. 

AAer washing seven times with PBS, the color reac- 
tion was done by the addition of the following solution, 
prepared extemporaneously: 

2 nig of 3-atninO 9 ethylearbazol (SIGMA ref. A 
5754) dissolved in 0.5 ml of N-N' dimethyl form- 
amide, 30 

9.5 ml of 0.05 M pH 5.1 acetic acetate buffer. 

10 ul of H2O2 CMerk ref. 7209) 

Hyridizatidn Test with DNA-AAF Used as a Frobe 

Deposition of variable amounts of DNA PWE 6: 35 

1) 100 ng 

2) 10 ng 

3) lng 

4) 300 ng 

Afier deposition, the filters were placed at 80* C. for 40 
2 hours, then prehybridated 4 hours at 68" C in a 
6x SSC solution and 10 X Denhardt, (1 xDcnWdi con- 
taining: 

0.02% of Polyvinyl pyroHidone, 

0.02% of the reagent marketed under the name FicoUc 45 

400 by "Pharmacia fine Chemicals". 
0.02% of bovine albumin) 

They were then hybridized in a 2xSSC 1 xDenhardt 
solution in the presence of 200 fil per membrane of 
DNA-AAF solution previously denatured containing 50 
respectively: 
10 ng/ml final 
1 ng/ml final and 
100 pg/ml final 

Afier hybridization, the filters were washed 55 
30 minutes in 2xSSC 1 Denhardt 
30 minutes in lxSSC 1 Denhardt 
3D minutes in 0.5 X SSC 1 Denhardt 
30 minutes in 0.2 x SSC 1 Denhardt 
1 hour 01 XSSC 1 Denhardt 60 
then incubated for one hour at 40* C. in a solution con- 
taining 3% of albumin at 1 xSSC The subsequent oper- 
ations were earned out as previously (comae ring with 
anti-DNA-AAF or «nti Gno-AAF antibodies, PBS 
washing, antibodies + peroxydase, PBS washing and 65 
development). 

After development colored spots were observed 
whose intensity (greater for high concentration, weaker 



for low concentration DNA) depends on the amount of 
hybridised DNA. 

The abovc-indicsued detection method had lead to 
entirely negative results at the end of hybridation tests 
carried out between ihc negative control (used in 
amounts reaching 90 nanograms) and the DNA-AAF. 

The invention is obviously not limited to the embodi- 
ments described above by way of example and one 
skilled in the an can introduce therein modifications 
without however departing from the scope of the fol- 
lowing claims. 

As modifications usahle at the level of the detection 
of hybrids formed with the probe according to the in- 
vention, will be cited: 

the development of the hybrids formed by radio- 
activity, for example by the use of anti-DNA-AAF 
antibodies rendered radio-active by iodine 125 or 
131 or radio-active protein A. which will be fixed 
on the antibodies. 

Finally, by way of possible variations in the uses, win 
be mentioned the application of the probe according to 
the invention to the purificaton of a complementary 
DNA contained m an initial composition, particularly 
by means 

of protein A associated with a solid support (for ex- 
ample constituted by agarose beads). 

of precipitating antibodies associated or not with a 
solid support (beads of agarose, of latex, etc.), to 
ensure the selective precipitation of the hybrid 
formed. 

Finally forming part of the modiflcatons remaining 
within the scope of the claims is the passible substitution 
of the AAF by any carcmogenic equivalent molecule or 
the like capable of being fixed under the same condi- 
tions to certain at least of the basts of the nucleotides 
from which the probe k constituted. 

We claim: 

1. A kit for the detection or isolation of a first prede- 
termined nucleotide sequence in a specimen, compris- 
ing: 

a probe containing a second nucleotide sequence 
which is complementary to said first predeter- 
mined nucleotide sequence and which can be hy- 
bridized with said first predetermined nucleotide 
sequence; said probe further containing a N-2- 
aceTylaminofluorerie group covalently fixed to a 
base of said second complementary nucleotide 
sequence; and 

first antibodies formed against N-2-(gtoaric$rae-8-yl> 
acetyl anunofmorene or against a nucleotide se- 
quence covalently fixed to an N-2-acctylaininolluo- 
rene group. 

2. The kit of claim 1, which further comprises means 
for developing said first antibodies. 

3. The kit of claim 2, wherein said developing means 
comprise second antibodies which bear an enzyme. 

4. The kit of claim 3, wherein said enzyme can give a 
color reaction. 

5. The kit of claim 1> which further comprises protein 
A on a solid support for precipitating, from Said speci- 
men, a hybrid of said first predetermined nucleotide 
sequence and said probe fixed to said first antibodies. 

6. The kit of claim 1, wherein said first antibodies are 
provided on a solid support for precipitating, from said 
specimen, a hybrid of said first predetermined nucleo- 
tide sequence and said probe. 

7. The kit of claim 1. wherein said first and second 
nucleotide sequences are DNA sequences. 
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8. A method for detecting a first predetermined nu- 
cleotide sequence in a specimen, comprising; 

contacting said specimens under hybridization condi- 
tions, with said probe of said Vii of claim 1 to form 
a hybrid of said probe and said first predetermined 
nucleotide sequence; and then 

contacting said hybrid with said first antibodies of 
said kit of claim 1 to fix said first antibodies to said 
hybrid- 10 

9. The method of claim 8, which further comprises 
precipitating, from said specimen, said hybrid fixed to 
said first antibodies by contacting said hybrid with pro- 
tein A on a solid support. 

10. The method of claim 8, wherein said first antibod- 15 
to are on a solid support so that said hybrid precipitates 
from said specimen. 

11. The method of chim 8. which further comprises 
developing said first antibodies. 20 

12. The method of claim 11, wherein said first anti- 
bodies are developed, by treating said hybrid fixed to 
said first antibodies with second antibodies which bear 
an enzyme. 



13. The method of claim 12, wherein said enzyme can 
give a color reaction, 

14. A method for detecting a first predetermined 
PNA nucleotide sequence in a specimen, wherein the 
method comprises: 

contacting said specimen, under hybridization condi- 
tions, with a probe containing a second PNA nu- 
cleotide sequence which is complementary to said 
first predetermined DNA nucleotide sequence to 
form a hybrid of said probe and said first predeter- 
mined DNA nucleotide sequence- said probe fur- 
ther containing a N-2-acetylainmofiuorene group 
co vnlently fixed to a base of said second comple- 
mentary DNA nucleotide sequence; 

contacting said hybrid with antibodies formed against 
N-2<guanosine-8-yl)-aeetylaminofluorene or 
against a nucleotide sequence covalcntry fixed to 
an N-2-icctylaminofluOrenft group to thereby form 
an antibody-antigen complex, wherein said anti- 
bodies have bound thereto an immunological label 
selected from the group, consisting or radioactive 
and enzymatic labels; and 

detecting the label bound to the antibodies. 
• * * » ■ 
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Abstract (Basic) : WO 8302286 A 

A nucleic acid sequence, such as a gene or gene fragment, present 
in a composition or sample, is detected by contact with a probe 
containing a nucleic acid that is complementary to the nucleic acid 
sequence sought. This probe carries at least one N-2-acetyl amino 
fluorene group fixed covalently to one of the bases of the probe. The 
presence of the desired nucleic acid sequence is shown by the action of 
an antibody active against N-2- < guanos in- a -yl) acetyl amino fluorene, 
or one of an antibody which has previously been prepared in relation to 
the probe carrying acetylamino fluorene residues. 

Used diagnostic tests, e.g. prenatal tests. Extreme sensitivity. 
Abstract (Equivalent) : EP 97664 B 

A method for detecting the presence of a given nucleic acid 
sequence, of a gene or a gene fragment sought in a composition or 
sample which is supposed to contain it, comprising contacting said 
composition with a probe of nucleic acid containing a sequence 
complementary, or homologous , to the given nucleic acid sequence of the 
gene or gene fragment sought under conditions enabling after 
denaturation, hybrid-isation between the given sequence, the gene or 
gene fragment sought, on the one hand, and the sequence complementary 
to said probe on the other hand, and eliminating the non hybridised 
probe, wherein said probe bears at least one N- 2 -actyl ami no- fluorene 
group fixed covalently to at least one of the bases of the said probe, 
the possible presence of the nucleic acid sequence, of the gene or gene 
fragment sought being then revealable by the action of antibodies 
effective with respect to the pronprobe bearing the acetylaminof luorene 
residues . 

Abstract (Equivalent) : US 5098825 A 

Kit for the detection or isolation of a predetermined nucleotide 
sequence comprises a reagent contg. a complementary nucleotide sequence 
that hybridises with the test sample; such that the second nucleotide 
sequence is labelled with an N-2 -acetylaminof luorene gp. attached to a 
base in the sequence; also antibodies to (guanos ine- 8 -yl) 

acetylaminof luorene or a nucleotide sequence contg. an 
N-2 -acetylaminof luorene gp. ; and means of developing these antibodies 
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International Patent Class (Additional); C12N-015/00; C12Q-001/68; 

G01N-033/54; G01N-033/58 
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